(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property Organization 

International Bureau 

(43) International Publication Date 
13 November 2003 (13.11.2003) 




PCT 



(10) International Publication Number 

WO 03/093046 A2 



(51) International Patent Classification 7 : B60K 6/04, 
B60C 23/00 

(21) International Application Number: PCT/US03/13177 

(22) International Filing Date: 29 April 2003 (29.04.2003) 

(25) Filing Language: English 

(26) Publication Language: English 



(30) Priority Data: 

10/137,585 



2 May 2002 (02.05 .2002) US 



(71) Applicant: OSHKOSH TRUCK CORPORATION 

[US/US]; 2307 Oregon Street, Oshkosh, WI 54902 (US). 

(72) Inventors: MORROW, Jon, J.; 1224 Kampo Court, 
Neenah, WI 54956 (US). YAKES, Christopher, K.; 995 

Linden Oaks Drive, Oshkosh, WI 54904 (US). 

(74) Agent: BRAYER, Michael, S.; FOLEY & LARDNER, 
777 E. Wisconsin Avenue, 33rd Floor, Milwaukee, WI 
53202-5306 (US). 

(81) Designated States (national): AE, AG, AL, AM, AT, AU, 
AZ, BA, BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU, 
CZ, DE, DK, DM, DZ, EC, EE, ES, FI, GB, GD, GE, GH, 



GM, HR, HU, ID, 1L, IN, IS, JP, KE, KG, KP, KR, KZ, LC, 
LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW, 
MX, MZ, NI, NO, NZ, OM, PH, PL, PT, RO, RU, SC, SD, 
SE, SG, SK, SL, TJ, TM, TN, TR, TT, TZ, UA, UG, UZ, 
VC, VN, YU, ZA, ZM, ZW. 

(84) Designated States (regional): AR1PO patent (GH, GM, 
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW), 
Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), 
European patent (AT, BE, BG, CH, CY, CZ, DE, DK, EE, 
ES, FI, FR, GB, GR, HU, IE, IT, LU, MC, NL, PT, RO, 
SE, SI, SK, TR), OAPI patent (BF, BJ, CF, CG, CI, CM, 
GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG). 

Declarations under Rule 4.17: 

— as to applicant '$ entitlement to apply for and be granted a 
patent (Rule 4.17(H)) for all designations 

— as to the applicant 's entitlement to claim the priority of the 
earlier application (Rule 4.17(iii)) for all designations 

Published: 

— without international search report and to be republished 
upon receipt of that report 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



(54) Title: HYBRID VEHICLE WITH COMBUSTION ENGINE/ELECTRIC MOTOR DRIVE 



400 



420 



< 

V© 



ON 

Pi 




(57) Abstract: A vehicle including a prime mover, a generator mechanically coupled to the prime mover, a first multi-input drive 
unit having at least first and second rotational inputs and at least one rotational output wherein the first rotational input is coupled to 
the prime mover, a first electric motor mechanically coupled to the second rotational input and electrically coupled to the generator 
and a first pair of vehicle drive wheels coupled to the rotational output. 



WO 03/093046 



PCT/US03/13177 



HYBRID VEHICLE WITH COMBUSTION ENGINE/ELECTRIC MOTOR 

DRIVE 

FIELD OF THE INVENTION 

[0001] The present invention relate to a drive system for a 
vehicle. In particular, the present invention relates to a work vehicle driven 
alternatively and in combination by a primary motor and at least one electric 
motor. 

BACKGROUND OF THE INVENTION 

[0002] Typical vehicles whether automobiles, fire trucks, garbage 
trucks, cement mixers, multiwheel drive trucks, military transport trucks, etc. 
include a combustion engine mechanically coupled to the driven wheels. This 
coupling typically takes the form of a clutch or torque converter coupled to a 
multispeed transmission which is coupled to the driven wheels. More 
specifically, the driven wheels are usually driven in pairs through a differential 
coupled to the transmission by an appropriate drive train e.g. drive shaft, angle 
drive, etc. 

[0003] While this type of drive train is highly reliable, efficient 
based upon mature technology, it is relatively expensive in comparison to the 
other components of the vehicle. Additionally, cost effective transmissions 
typically require engine oversizing to provide suitable vehicle speed surges. 
Thus, to save transmission cost, there is an increase in engine cost and vise 
versa. The ultimate selection is ultimately determined by performance and cost 
requirements. 

[0004] In attempts to reduce the complexity and cost of drive 
trains electric and hydrostatic drives have been considered. However, these 
types of drives have proven to be too inefficient to be practical. Accordingly, it 
would be desirable to provide a hybrid drive which combines the cost savings 
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and flexibility of an electric motor drive with the efficiency of a combustion 
engine based drive. 



SUMMARY OF THE INVENTION 

[0005] One embodiment of the invention relates to a work 
vehicle. The work vehicle includes an engine, a generator coupled to the engine 
so as to be driven by the engine, a drive shaft coupled to the engine so as to be 
driven by the engine, a drive axle coupled to the drive shaft so as to be driven 
by the drive shaft, first and second wheel ends coupled to the drive axle so as 
to be able to be driven by the drive axle, first and second wheels coupled to the 
associated first and second wheel ends, and a wheel end drive assembly 
coupled to at least one wheel end so as to be able to drive the at least one 
wheel end. The wheel end drive assembly includes an electric motor powered 
by the generator and a planetary gearset. The planetary gearset includes a first 
input coupled to the drive axle, a second input coupled to the electric motor, 
and an output shaft. The wheel end drive assembly further includes a planetary 
reduction gear having an input coupled to the output shaft of the planetary 
gearset and an output coupled to the wheel end. The vehicle further includes a 
central tire inflation system including an air supply source, an air manifold, an 
inflatable tire coupled to the air manifold and disposed on the wheel, and a 
central tire inflation system control unit. The central tire inflation system control 
unit is configured to generate a central tire inflation system control signal, 
wherein the air manifold regulates the air supplied to the wheel in response to 
the control signal. 

[0006] Another exemplary embodiment of the preferred invention 
relates to a work vehicle including an engine, a first generator coupled to the 
engine so as to be driven by the engine, a drive shaft coupled to the engine so 
as to be driven by the engine, a drive axle coupled to the drive shaft so as to be 
driven by the drive shaft, first and second wheel ends coupled to the drive axle 
so as to be able to be driven by the drive axle, first and second wheels coupled 
to the associated first and second wheel ends, and a wheel end drive assembly 
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coupled to at least one wheel end so as to be able to drive the at least one 
wheel end. The wheel end drive assembly includes an electric motor powered 
by the first generator, a planetary gearset having a first input coupled to the 
drive axle, a second input coupled to the electric motor, and an output shaft. 
The vehicle further includes a secondary generator coupled to the engine so as 
to be driven by the engine. 

[0007] Another exemplary embodiment relates to a work vehicle 
including an engine, a generator coupled to the engine so as to be driven by the 
engine, a drive shaft coupled to the engine so as to be driven by the engine, a 
drive axle coupled to the drive shaft so as to be driven by the drive shaft, first 
and second wheel ends coupled to the drive axle so as to be able to be driven 
by the drive axle, first and second wheels coupled to the associated first and 
second wheel ends, a wheel end drive assembly coupled to at least one wheel 
end so as to be able to drive the at least one wheel end, the wheel end drive 
assembly including, an electric motor powered by the generator, a planetary 
gearset, the planetary gearset having a first input coupled to the drive axle, a 
second input coupled to the electric motor, and an output shaft; and an ancillary 
equipment coupled to the drive shaft so as to be powered by the drive shaft. 

[0008] Another exemplary embodiment relates to a work vehicle. 
The work vehicle includes an engine, a generator coupled to the engine so as to 
be driven by the engine, a secondary motor/generator coupled to the engine so 
as to be driven by the engine, a drive shaft coupled to the engine so as to be 
driven by the engine, a drive axle coupled to the drive shaft so as to be driven 
by the drive shaft, first and second wheel ends coupled to the drive axle so as 
to be able to be driven by the drive axle, first and second wheels coupled to the 
associated first and second wheel ends, a wheel end drive assembly coupled to 
at least one wheel end so as to be able to drive the associated wheel. The 
wheel end drive assembly includes an electric motor powered by the generator 
and a planetary gearset, the planetary gearset having a first input coupled to the 
drive axle, a second input coupled to the electric motor, and an output shaft 
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coupled to the wheel end. The electric motor and planetary gearset are 
disposed within the wheel end. 

[0009] Another exemplary embodiment relates to a work vehicle 
comprising an engine, a secondary motor/generator coupled to the engine so as 
to be driven by the engine, a generator coupled to the engine so as to be driven 
by the engine, a drive shaft coupled to the engine so as to be driven by the 
engine, a drive axle coupled to the drive shaft so as to be driven by the drive 
shaft, first and second wheel ends coupled to the drive axle so as to be able to 
be driven by the drive axle, first and second wheels coupled to the associated 
first and second wheel ends, a wheel end drive assembly coupled to at least one 
wheel end so as to be able to drive the associated wheel. The wheel end drive 
assembly includes an electric motor disposed external to the wheel end powered 
by the generator and a planetary gearset disposed within the wheel end, the 
planetary gearset having a first input coupled to the drive axle, a second input 
coupled to the electric motor and an output shaft coupled to the wheel end. 

[0010] Another exemplary embodiment relates to a work vehicle. 
The work vehicle includes an engine, a secondary motor/generator coupled to 
the engine so as to be driven by the engine, a generator coupled to the engine 
so as to be driven by the engine, a drive shaft coupled to the engine so as to be 
driven by the engine, a drive axle coupled to the drive shaft so as to be driven 
by the drive shaft, first and second wheel ends coupled to the drive axle so as 
to be able to be driven by the drive axle, first and second wheels coupled to the 
associated first and second wheel ends, a wheel end drive assembly coupled to 
at least one wheel end so as to be able to drive the associated wheel. The 
w h ee | end drive assembly includes an electric motor disposed external to the 
wheel end and powered by the generator and a planetary gearset disposed 
external to the wheel end. The planetary gearset can include a first input 
coupled to the drive shaft, a second input coupled to the electric motor, and an 
output shaft coupled to the wheel end. 

[001 1] Another exemplary embodiment relates to a work vehicle. 
The work vehicle includes an engine, a secondary motor/generator coupled to 
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the engine so as to be driven by the engine, a generator coupled to the engine 
so as to be driven by the engine, a drive shaft coupled to the engine so as to be 
driven by the engine, a drive axle coupled to the drive shaft so as to be driven 
by the drive shaft, first and second wheel ends coupled to the drive axle so as 
to be able to be driven by the drive axle, first and second wheels coupled to the 
associated first and second wheel ends, a wheel end drive assembly coupled to 
at least one wheel end so as to be able to drive the associated wheel. The 
wheel end drive assembly includes an electric motor disposed external to the 
wheel end powered by the generator and a planetary gearset disposed external 
to the wheel end. The planetary gearset can include a first input coupled to the 
drive shaft, a second input coupled to the electric motor and an output shaft 
coupled to the drive axle. 

[0012] Another exemplary embodiment relates to a vehicle. The 
vehicle includes a prime mover, a generator mechanically coupled to the prime 
mover, a first multi-input drive unit having at least first and second rotational 
inputs and at least one rotational output, wherein the first rotational input is 
coupled to the prime mover, a first electric motor mechanically coupled to the 
second rotational input and electrically coupled to the generator and a first pair 
of vehicle drive wheels coupled to the rotational output. 

[0013] Another exemplary embodiment relates to a vehicle. The 
vehicle including a prime mover, a generator mechanically coupled to the prime 
mover, a first multi-input drive unit having at least first and second rotational 
inputs and at least one rotational output, wherein the first rotational input is 
coupled to the prime mover, a first electric motor mechanically coupled to the 
second rotational input and electrically coupled to the generator, a second multi- 
input drive unit having at least first and second rotational inputs and at least one 
rotational output, wherein the first rotational input of the second multi-input 
drive unit is coupled to the rotational output of the first multi-input drive unit, a 
second electric motor mechanically coupled to the second rotational input of the 
second multi-input drive unit and electrically coupled to the generator, a first 
vehicle drive wheel coupled to the rotational output of the second multi-input 
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drive unit, a third multi-input drive unit having at least first and second rotational 
inputs and at least one rotational output, wherein the first rotational input of the 
third multi-input drive unit is coupled to the rotational output of the first multi- 
input drive unit, a third electric motor mechanically coupled to the second 
rotational input of the third multi-input drive unit and electrically coupled to the 
generator and a second vehicle drive wheel coupled to the rotational output of 
the third multi-input drive unit. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] FIG. 1 is a schematic view of the driveline for a multi-axle 

vehicle. 

[0015] FIG. 2 is a schematic view of an alternative driveline for a 
multi-axle vehicle including a power take off assembly 

[0016] FIG. 3 is a schematic view of an alternative driveline for a 
multi-axle vehicle including a transmission. 

[0017] FIG. 4 is a schematic view of an alternative embodiment 
of a hybrid drive axle assembly. 

[0018] FIG. 5 is a schematic view of an alternative embodiment 
of a hybrid drive assembly. 

[0019] FIG. 6 is a schematic view of an alternative embodiment 
of a hybrid drive assembly. 

[0020] FIG. 7 is a schematic illustration for a control system for 
the hybrid drive system. 

[0021] FIG. 8 is a schematic view of a vehicle including a 
palletized load handling system. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 



[0022] FIG. 1 is a top-down view of the driveline for a multi-axle 
vehicle 100. The driveline can includes a power assembly 1 10, a drive shaft 
1 20, and at least one hybrid drive axle assembly 130. 
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[0023] According to an exemplary embodiment, power assembly 
1 1 0 can include an prime mover 1 1 1 , a prime mover output shaft 1 1 2, a 
primary generator 1 13, a power divider planetary gear 1 14, a secondary 
generator 1 1 5, a secondary generator brake 1 1 6, and a prime mover clutch 
117. Prime mover 1 1 1 can be any source of rotational mechanical energy 
which is derived from a stored energy source such as a liquid or gaseous fuel. 
Examples are an internal combustion gas powered engine, a diesel engine, 
turbines, fuel cell driven motors, an electric motor, or any other type of motor 
capable of providing rotational mechanical energy to prime mover output shaft 
112. 

[0024] Prime mover output shaft 1 1 2 can be coupled to primary 
generator 1 1 3 so as to provide power to primary generator 1 13. Primary 
generator 1 13 can be any device that can convert mechanical rotational energy 
to electrical energy. A generator that can function as an electric motor is not 
excluded from the meaning of generator. 

[0025] Prime mover output shaft 1 1 2 can be further coupled to 
power divider planetary gear 1 14 so as to provide a rotational mechanical 
energy input to power divider planetary gear 1 14. Power divider planetary gear 
1 14 can be coupled to secondary generator 1 1 5 and drive shaft 1 20 so as to 
provide rotational mechanical energy to power divider planetary gear 1 14 and 
drive shaft 120. 

[0026] Drive shaft 1 20 can be any drive shaft capable of 
receiving rotational mechanical energy and transferring the rotational mechanical 
energy to at least one hybrid drive axle assembly 1 30. Drive shaft 1 20 includes 
a drive shaft clutch 1 21 . Drive shaft clutch 1 21 can be any type of clutch 
capable of rotationally fixing drive shaft 120. Drive shaft 120 is shown in FIG. 
1 as being coupled to three hybrid drive axle assemblies 130. According to 
alternative embodiments, vehicle 100 can include greater or fewer hybrid drive 
axle assemblies 130. 

[0027] According to an exemplary embodiment, hybrid drive axle 
assembly 1 30 can be every axle of a vehicle. Accordingly, wherein a vehicle 
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includes three axles as shown in FIG. 1 , a vehicle can include three of hybrid 
drive axle assembly 130. According to alternative embodiments, hybrid drive 
axle assembly 130 can be fewer than all of the axles on a vehicle. Alternative 
embodiments for hybrid drive axle assembly 130 are described with reference to 
FIGS. 3 through 6. 

[0028] Hybrid drive axle assembly 1 30 can include a bevel gear 
set 131, a drive axle 132, and two wheel end assemblies 140. Bevel gear set 
131 is housed inside hybrid drive axle assembly 130. Bevel gear set 131 
receives as input the rotational mechanical energy applied to drive shaft 1 20. 
Bevel gear set 131 can provides rotational mechanical energy as an output to 
wheel end assemblies 140. Wherein hybrid drive axle assembly 130 is not a 
terminal axle on the driveline, bevel gear set 131 can further provide rotational 
mechanical energy as an output to a continuation of drive shaft 120. 

[0029] Wheel end assembly 140 can include an electric motor 
141, a multi-input drive unit 142, a wheel 143, a wheel brake 144, and a multi- 
input drive unit brake 145. Wheel end assembly 140 receives as inputs 
rotational mechanical energy from drive axle 132 and electric energy from 
primary generator 1 1 3. 

[0030] Electric motor 141 receives electric energy from primary 
generator 1 1 3 and provides rotational mechanical energy as an output to multi- 
input drive unit 142. Electric motor 141 can be any device which can convert 
electric energy to rotational mechanical energy. An electric motor which can 
function as a generator is not excluded from the definition of electric motor. 

[0031] Multi-input drive unit 142 receives as input the rotational 
mechanical energy from electric motor 141 and the rotational mechanical energy 
from drive axle 132. Multi-input drive unit 142 provides rotational mechanical 
energy as an output to wheel 143. Multi-input drive unit 142 output can be 
reduced or halted using multi-input drive unit brake 145. 

[0032] Multi-input drive unit 142 as described in this application 
an any patents issuing herefrom broadly means an arrangement which combines 
two or more rotational inputs to provide at least one rotational output. One 
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example of a multi-input drive unit is a differential gear train which can be used 
to combine two rotational inputs to provide a rotational output where the speed, 
torque and or power of the inputs are mechanically summed to produce an 
output. Another example of a multi-input drive unit is a planetary gear set 
which combines two rotational inputs to generate a rotational output. These 
two examples are examples only, and the term multi-input drive unit should be 
interpreted as broadly as permitted by the prior art and applicable law. It is not 
the inventors intent to limit the term multi-input drive unit to differential or 
planetary drive arrangements because it is not the inventors intent to limit the 
scope of protection for the invention claimed herein to particular mechanical 
arrangements unless specifically claimed or required by the prior art. For 
example, a multi-input drive unit could also include an elliptical drive, a non-gear 
based drive or a combination of drives arranged to permit the combination (sum, 
difference, multiplication or division of the speed, torque or power) of at least 
two rotational inputs to generate a rotational output. 

[0033] According to an exemplary embodiment, wheel brake 1 44 
can be any standard brake capable of inhibiting movement of vehicle 100. 
According to an alternative embodiment, wheel brake 144 can be a component 
in a regenerative braking system. In a regenerative braking system, the 
rotational mechanical energy can be removed from the rotating wheel and 
converted into electrical energy. This electrical energy can be stored for later 
use in vehicle power systems or electrical motors 141. Advantageously, a 
regenerative braking system allows for greater efficiencies by conserving 
energy. 

[0034] According to an exemplary embodiment, wheel end 1 40 
can further include a central tire inflation system. A central tire inflation system 
can be used to increase or decrease tire pressure based on operator input, 
sensor feedback, or a combination thereof. A variety of central tire inflation 
systems are known to those of skill in the art. One example of a central tire 
inflation system is the Dana® Spicer® Central Tire Inflation System commercially 
available from Eaton Corporation of Cleveland, OH. 
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[0035] Advantageously, a control circuit for a central tire 
inflation system can be coupled to a control circuit for a hybrid drive, described 
with reference to FIG. 7, to provide an optimal configuration based on driving 
and environmental conditions. For example, at high speeds, in addition to 
utilizing a pure mechanical drive, it may be advantageous to increase tire 
pressure to maximize efficiencies. In contrast, while driving through difficult 
terrain, it may be advantageous to lower tire pressure to promote traction while 
creeping with an electric drive. 

[0036] According to an exemplary embodiment, the operation of 
electric motor(s) 141 and prime mover 1 1 1 can be controlled by a control 
circuit. An exemplary control circuit is described with reference to FIG. 7. The 
control circuit can control the operation of a driveline component based on a 
combination of the sensor inputs and operator commands. Sensor inputs can 
include sensing the current speed of the vehicle, whether the vehicle is turning, 
any slippage occurring at the wheels, and any other input that could effect the 
amount of rotational mechanical energy that should be applied to the wheels, 
either individually or collectively. Operator inputs can include pressing the 
accelerator, turning the wheel, indicating a slip situation, or any other input that 
could affect the amount of rotational mechanical energy that should be applied 
to the wheels, either individually or collectively. 

[0037] According to an exemplary embodiment, the present 
system can be utilized in at least three independent states. The states can 
include an electric state, an electric/mechanical state, and a mechanical state. 
The states can be utilized based on the speed and power requirements of the 
vehicle. 

[0038] In an electric state, electric motor(s) 141 provide the sole 
mechanical rotational energy for low speed and high torque modes of operation. 
According to an exemplary embodiment, the electric state can be utilized at 
speeds up to 20 miles per hour. 

[0039] In the electric state, prime mover 1 1 1 can operate at a 
fixed speed and primary generator 1 13 can operate at full power output. 
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Electric energy generated by primary generator 1 1 3 can be supplied to electric 
motors 141 for conversion to rotational mechanical energy. In an electric state, 
drive shaft clutch 121 can be engaged to rotationally fix drive shaft 1 20. 

[0040] Advantageously, the electric state allows electric motor(s) 
141 to provide the low speed and high torque output to the wheels necessary 
for low speed operation while prime mover 1 1 1 can be operated at an optimal 
fixed speed. Operating prime mover 111 at an optimal speed allows for optimal 
power output and fuel efficiencies. 

[0041] The driveline of vehicle 1 00 in the electric state can 
present issues with inertia. One possible solution to this problem is the inclusion 
of secondary generator 1 1 5. During series operation, secondary generator 1 1 5 
can be spinning in the opposite direction of the engine to reduce the system 
inertia. Further, the internal gears can be held by multi-input drive unit brake 
145 to react against the torque provided by the electric motors. 

[0042] The electric/mechanical state can be utilized at speeds 
approximately between 20 miles per hour and 40 miles per hour. In the 
electric/mechanical state, prime mover 1 1 1 can still be operated at a constant 
speed to take advantage of power and fuel efficiencies. However, secondary 
generator 1 1 5 is decelerated to zero speed and is held by secondary generator 
brake 1 1 6. Braking secondary generator 1 1 5 results in rotational mechanical 
energy from prime mover 1 1 1 being transmitted through drive shaft 1 20 to 
multi-input drive units 142. Electric motor(s) 141 also supply rotational 
mechanical energy to multi-input drive units 142. Multi-input drive units 142 
combine the rotational mechanical energy from prime mover 1 1 1 and electric 
motor(s) 141 and apply the energy to wheel(s) 143. 

[0043] The mechanical state occurs at speeds greater than 
approximately 40 miles per hour. In the mechanical state, secondary generator 
115 can be operated as a motor and driven up to engine speed. Upon reaching 
a uniform speed, power divider planetary gear 1 14 is locked using prime mover 
clutch 1 1 7 such that a second higher rotational mechanical energy is applied to 
drive shaft 120. 

-11- 



WO 03/093046 PCT/US03/13177 

[0044] According to an exemplary embodiment, the present 
driveline can present further advantages when the vehicle is turning. Vehicle 
100, as shown in FIG. 1, does not include a differential gear along drive axle 
132. This means that during turning, the rotational mechanical energy supplied 
to each wheel by drive axle 132 will be uniform. However, because the wheels 
will necessarily rotate at different speeds during a turn, this can cause stresses 
to vehicle 100. Electric motor(s) 141 can be used to counteract this effect. 
The electric motor 141 coupled to the wheel on the outside of the turning radius 
can supply additional rotational mechanical energy to bring the wheel up to the 
necessary speed to complete the turn without causing stress to the vehicle. 

[0045] Advantageously, wherein differential rotational 
mechanical energy is supplied by electric motor(s) 141 during a turn, there is no 
requirement for a differential gear. The differential gear can be a relatively 
expensive piece of equipment. This expense can be avoided using the described 
method. 

[0046] FIG. 2 is a schematic view of an alternative embodiment 
of a driveline for a vehicle 200. Similar to vehicle 100, the driveline includes an 
power assembly 210, a drive shaft 220 and at least one hybrid drive axle 
assembly 230. The driveline of vehicle 200 further includes a power take off 
assembly 250. According to an exemplary embodiment, vehicle 200 can further 
include an electric motor driven axle assembly 260. 

[0047] Power assembly 210 includes a prime mover 21 1 , a 
primary generator 213, a power divider planetary gear 214, and a second 
generator 21 5. These components are similar to the similarly described and 
numbered components described with reference to FIG. 1 . The components are 
shown in a different configuration but provide the same function as describe 
with reference to FIG. 1 . 

[0048] Drive shaft 220 of vehicle 200 is similar to drive shaft 
1 20 described with reference to FIG. 1 . In addition to the features described 
with reference to drive shaft 120, drive shaft 220 can be coupled to power take 
off assembly 250. 
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[0049] Power take off assembly 250 can be any system that is 
coupled to drive shaft 220 to receive rotational mechanical energy therefrom. 
The rotational mechanical energy can be utilized by power take off assembly 
250 to provide power to an auxiliary system associated with vehicle 200. 

[0050] Advantageously, because prime mover 21 1 is run at a 
constant, optimal speed, power take off assembly 250 can be supplied with 
constant rotational mechanical energy independent of the speed of vehicle 200. 

[0051] According to an exemplary embodiment, power take off 
assembly 250 can be a hydraulic pump driven system. The hydraulic pump can 
be coupled to a lifting mechanism to lift heavy loads for transport using vehicle 
200. Advantageously, full prime mover power can be supplied to power the 
lifting mechanism while the vehicle is slowly moved backward or forward by 
hybrid drive axle assembly 230. An example, described with reference to FIG. 8 
can be a HEMMIT truck including a palletized load system manufactured by 
OshKosh Trucks of OshKosh, Wisconsin. 

[0052] According to an alternative embodiment, power take off 
assembly 250 can be a high volume water pump. Advantageously, full prime 
mover power can be supplied to power the high volume water pump while the 
vehicle is slowly moved backward or forward by hybrid drive axle assembly 
230. An example can be a fire truck including the high volume pump. 
Advantageously, the fire truck can pump a high volume of water while creeping 
slowly forward or in reverse to accurately direct water flow at a fire. This 
feature would be particularly useful in airport crash vehicles. 

[0053] According to another alternative embodiment, power take 
off assembly 250 can be a power generator where the rotational mechanical 
energy is converted into electric energy to power additional auxiliary systems. 
Advantageously, the full rotational mechanical energy of prime mover 211 can 
be applied to the power generator while the vehicle is stopped. 

[0054] Several alternative embodiments have been described 
with reference to power take off assembly 250, however the invention is not 
limited to the described embodiments. Any power take off system that utilizes 
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the rotational mechanical energy supplied by prime mover 21 1 is within the 
scope and spirit of the invention. 

[0055] Electric motor driven axle assembly 260 can include 
wheel ends 265. Electric motor driven axle assembly 260 is similar to the 
hybrid drive axle assembly 130, described with reference to FIG. 1. The 
difference is that electric motor driven axle assembly 260 is not driven in part by 
drive shaft 220. 

[0056] Wheel end assemblies 265 can include an electric motor 
266, a reduction gear 267 and a wheel 268. Electric motor 266 can supply 
rotational mechanical energy to reduction gear 267. Reduction gear 267 can 
convert the rotational mechanical energy to an appropriate level for output to 
wheel 268. 

[0057] Advantageously, electric motor driven axle assembly 260 
can provide differential functionality, described with reference to FIG. 3, without 
requiring that the axle be driven by drive axle 220. 

[0058] FIG. 3 is a schematic view of an alternative embodiment 
for a drive line for a multi-axle vehicle 300. The drive line include a power 
assembly 310, a transmission 320, a drive shaft 330 and at least one hybrid 
drive axle assembly 340. 

[0059] Power assembly include a prime mover 31 1 coupled to a 
primary generator 31 3 so as to provide power to primary generator 313. Prime 
mover 31 1 and primary generator 313 are similar to prime mover 1 1 1 and 
primary generator 113 described with reference to FIG. 1 . 

[0060] Transmission 320 is a three speed transmission. 
Transmission 320 receives as input the mechanical rotational energy from prime 
mover 31 1 . Transmission 320 can provide variable transmission of the 
mechanical rotational energy based on the transmission gear that is currently 
engaged. According to an exemplary embodiment, transmission 320 can be a 
simple transmission not including torque conversion or reverse functionality. 
Transmission 320 can be sized for input equal to peak engine torque. The 
transmission outputs rotational mechanical energy to drive shaft 330. 
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[0061] Transmission 320 is shown as including three 
transmission gears for illustrative purposes only, any size transmission could be 
substituted. Advantageously, transmission 320 can replace an existing transfer 
case to reduce overall system weight. Further, the input torque requirements 
for transmission 320 would be approximately six time less than for an existing 
transfer case. 

[0062] Drive shaft 330 is similar to drive shaft 120 as described 
with reference to FIG, 1 . Drive shaft 330 receives as input rotational 
mechanical energy from transmission 320. The drive shaft provides as output 
rotational mechanical energy to at least one multi-input drive unit 341 . 

[0063] Hybrid drive axle assembly 340 includes a multi-input 
drive unit 341 , an electric motor 342 and a drive axle assembly 350. Hybrid 
drive axle assembly 340 is an alternative embodiment of* hybrid drive axle 
assembly 130. Vehicle 300 can include at least one hybrid drive axle assembly 
340. Vehicle 300 can further include a combination of hybrid drive axle 
assemblies 340 and normal axles. 

[0064] Multi-input drive unit 341 functions similarly to multi- 
input drive unit 142 described with reference to FIG. 1 , however multi-input, 
drive unit 341 receives different inputs. Multi-input drive unit 341 receives as 
an input rotational mechanical energy.from electric motor 342 and the rotational 
mechanical energy from drive shaft 330. Multi-input drive unit 341 provides 
rotational mechanical energy as an output to drive axle assembly 350. 

[0065] Drive axle assembly 350 includes a differential gear 351 
and a drive axle 352, Differential gear 351 receives as input the rotational 
mechanical energy from multi-input drive unit 341 and transfers the energy to 
drive axle 352. 

[0066] Drive axle 352 is an differential axle capable of receiving 
the mechanical rotational energy from differential gear 351 and transferring the 
non uniform mechanical rotational energy to each wheel end assembly 360. 

[0067] Wheel end assemblies 360 include a reduction gear 361 
coupled to a wheel 362. The reduction gear receives the mechanical rotational 
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energy from drive axle 352 and reduces that energy to an appropriate level. The 
reduced mechanical rotational energy is applied to wheel 362 to move the 

i 

vehicle. 

[0068] FIG. 4 is a schematic view of an alternative embodiment 
of a hybrid drive axle assembly 400. Hybrid drive axle assembly 400 include an 
bevel gear set 41 0 f a drive axle 41 1 , two electric motors 41 2 and two wheel 
end assemblies 420. 

[0069] Bevel gear set 41 0 receives as input the rotational 
mechanical energy from drive shaft 120. Bevel gear set 410 transfers the 
rotational mechanical energy to drive axle 41 1 . Drive axle 41 1 transfers the 
rotational mechanical energy to wheel end assemblies 420. 

[0070] Electric motors 41 2 can be electrically coupled to primary 
generator 1 1 3 so as to be powered by primary generator 113. The electric 
motors convert the electric energy into rotational mechanical energy. The 
rotational mechanical energy is provided as an output to an associated wheel 
end- assembly 420. 

[0071] Wheel end assemblies 420 include a multi-input drive unit 
421 and a wheel 422. Multi input drive unit 421 is similar to multi-input drive 
unit 142. 

[0072] FIG. 5 is a schematic view of another alternative 
embodiment of a hybrid drive axle assembly 500. Hybrid drive axle assembly 
500 is similar in function and advantage to hybrid drive axle assembly 1 30. 

[0073] Hybrid drive axle assembly 500 includes two bevel gear 
sets 510, two multi-input drive units 520, two electric motors 530, two drive 
axle 540, and two wheel ends 550. 

[0074] Bevel gear sets 51 0 are rotationally fixed to drive shaft 
120 so as to transfer rotational mechanical energy from drive shaft 120 to 
multi-input drive units 520. Multi-input drive units 520 additional receive 
rotational mechanical energy as an input from electric motors 530. 

[0075] Multi-input drive units 520 function similarly to multi- 
input drive units 142, described with reference to FIG. 1 . Multi-input drive units 
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520 combine the inputs from drive shaft 121 and electric motors 530 to 
produce a single mechanical rotational energy as an output. The rotational 
mechanical energy is applied to drive axles 540. 

[00761 Drive axles 540 receive as input the rotational mechanical 
energy from the multi-input drive units 520. The rotational mechanical energy is 
transferred to the wheel ends 550. The wheel ends 550 contain a wheel 560 
that rotates in response to the rotational mechanical energy, moving the vehicle. 

[0077] FIG. 6 is a schematic view of an alternative embodiment 
of a hybrid drive assembly 600. Hybrid drive axle assembly 600 includes a 
multi-input drive unit 610, a single electric motor 620, a drive axle assembly 
630 and two wheel end assemblies 660. Hybrid drive axle assembly is an 
alternative embodiment of hybrid drive axle assembly 130. 

[0078] Multi-input drive unit 610 functions similarly to multi- 
input drive unit 341 described with reference to FIG. 3. Multi-input drive unit 
610 receives as input the rotational mechanical energy from electric motor 620 
and the rotational mechanical energy from drive shaft 1 20. Multi-input drive 
unit 610 provides rotational mechanical energy as an output to drive axle 
assembly 630. 

[0079] Drive axle assembly 630 includes a differential gear 640 
and a drive axle 650. Differential gear 640 receives as input the rotational 
mechanical energy from multi-input drive unit 610 and transfers the energy to 
drive axle 650. Drive axle 650 is an differential axle capable of receiving the 
mechanical rotational energy from differential 640 and transferring the energy to 
wheel end assemblies 660. Wheel end assemblies 660 include a reduction gear 
661 coupled to a wheel 662. The reduction gear receives the mechanical 
rotational energy from drive axle 650 and reduces that energy to appropriate 
level. The reduced mechanical rotational energy is applied to wheel 662 to 
move the vehicle. 

[0080] FIG. 7 is a schematic illustration of a control system 700 
for the hybrid drive. The control system can include a control circuit 710 and 
actuators 720. 
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[0081] Control circuit 71 0 receives sensor inputs 71 2 and 
operator inputs 713. The control circuit can control the operation of vehicle 
100 based on a combination of sensor inputs 712 and operator inputs 713. 
Sensor inputs 71 2 can include sensing the current speed of the vehicle, whether 
the vehicle is turning, any slippage occurring at the wheels, and any other input 
that could effect the amount of rotational mechanical energy that should be 
applied to the wheels. Operator inputs 713 can include pressing the 
accelerator, turning the wheel, indicating a slip situation, or any other input that 
could affect the amount of rotational mechanical energy that should be applied 
to the wheels. 

[0082] The inputs are utilized by control circuit 710 to determine 
the combination of signals that are need to satisfy current needs based on the 
combination of inputs. Following this determination, control circuit 710 can 
send signals to actuators 720 to control their associated device. Examples of 
associated devices can include secondary generator brake 1 1 6, prime mover 
clutch 117, electric motors 141, drive shaft clutch 121 and multi-input drive 
unit brake 145. Greater or fewer devices can be included in control system 700 
as needed. 

[0083] FIG. 8 is a perspective view of a vehicle 800 including a 
palletized load handling system 810. According to an exemplary embodiment, 
vehicle 800 further a hybrid electric drive including at least one hybrid drive axle 
assembly 130, described with reference to FIG. 1. 

[0084] Advantageously, palletized load handling system can be 
powered by a prime mover 21 1 through a power take off assembly 250, 
described with reference to FIG. 2. Prime mover 21 1 can be run at an optimal 
speed to provide palletized load handling system with peak power available from 
prime mover 211. 

[0085] Advantageously, wherein a palletized load is being lifted, 
a hybrid drive axle assembly can be utilized to slowly creep vehicle 800 
backwards underneath a palletized load while it is being lifted by palletized load 
handling system 810. Because prime mover 21 1 output is independent of 
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vehicle speed, as described with reference to FIG. 2, there is no drop in power 
available to palletized load handling system 810 while the vehicle is moving 
slowly. 

[0086] Although the present system has been described with 
reference to preferred embodiments, those skilled in the art will recognize that 
changes may be made in form and detail without departing from the spirit and 
scope of the system. Because the technology of the present system is relatively 
complex, not all changes in the technology are foreseeable. The present system 
described with reference to the preferred embodiments and set forth in the 
following claims is manifestly intended to be as broad as possible. For example, 
unless specifically otherwise noted, claims reciting a single particular element 
also encompass a plurality of such elements. 
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WHAT IS CLAIMED IS: 

1 . A work vehicle comprising: 
an engine; 

a generator coupled to the engine so as to be driven by the engine; 
a drive shaft coupled to the engine so as to be driven by the 

engine; 

a drive axle coupled to the drive shaft so as to be driven by the 

drive shaft; 

first and second wheel ends coupled to the drive axle so as to be 
able to be driven by the drive axle; 

first and second wheels coupled to the associated first and second 

wheel ends; 

a wheel end drive assembly coupled to at least one wheel end so 
as to be able to drive the at least one wheel end, the wheel end drive assembly 
including: 

an electric motor powered by the generator; 

a planetary gearset, the planetary gearset having a first input 
coupled to the drive axle, a second input coupled to the electric motor, 
and an output shaft; and 

a planetary reduction gear having an input coupled to the 
output shaft of the planetary gearset and an output coupled to the wheel 
end; 

a central tire inflation system including: 
an air supply source; 
an air manifold; 

an inflatable tire coupled to the air manifold and disposed on 

the wheel; 

a central tire inflation system control unit configured to 
generate a central tire inflation system control signal, wherein the air 
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manifold regulates the air supplied to the wheel in response to the control 
signal. 



2. The work vehicle of claim 1 , wherein the work vehicle 
includes a wheel end drive assembly associated with each wheel on the vehicle. 

3. The work vehicle of claim 1 , wherein the work vehicle 
includes a drive shaft clutch disposed along the drive shaft, wherein the drive 
shaft clutch is configured to actuate between an engaged state to rotationally 
hold the drive shaft and disengaged state. 

4. The work vehicle of claim 3, wherein the work vehicle 
includes a hybrid drive control unit configured to: 

1 generate a hybrid drive control signal based upon torque and 
speed requirements of the vehicle. 

5. The work vehicle of claim 4, including a drive shaft clutch 
control unit configured to engage or disengage the drive shaft clutch based upon 
the hybrid drive control signal. 

6. The work vehicle of claim 4, wherein central tire inflation 
system control unit is configured to regulate tire pressure based at least in part 
upon the hybrid drive control signal. 

7. The work vehicle of claim 6, wherein the central tire inflation 
system control unit is configured to generate a signal to optimize tire pressure 
based on the hybrid drive signal and a user supplied input. 

8. The work vehicle of claim 1 , wherein the hybrid drive control 
unit is configured to generate a signal during a turning operation to increase 
power supplied to the wheel end located on the outside of a turning radius. 
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9. The work vehicle of claim 1 , wherein the work vehicle 
includes a power storage system. 



1 0. The work vehicle of claim 9, wherein the work vehicle 
includes a regenerative breaking system electrically coupled to the power 
storage system and disposed at the wheel. 

11. A work vehicle comprising: 
an engine; 

a first generator coupled to the engine so as to be driven by the 

engine; 

a drive shaft coupled to the engine so as to be driven by the 

engine; 

a drive axle coupled to the drive shaft so as to be driven by the 

drive shaft; 

first and second wheel ends coupled to the drive axle so as to be 
able to be driven by the drive axle; 

first and second wheels coupled to the associated first and second 

wheel ends; 

a wheel end drive assembly coupled to at least one wheel end so 
as to be able to drive the at least one wheel end, the wheel end drive assembly 
including: 

an electric motor powered by the first generator; 

a planetary gearset having a first input coupled to the drive 
axle, a second input coupled to the electric motor, and an output shaft; 
and 

a secondary generator coupled to the engine so as to be driven by 

the engine. 

1 2. The work vehicle of claim 1 1 , wherein the vehicle includes: 
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a series mode of operation, wherein the vehicle is driven exclusively 
by the electric motor; and 

a parallel mode of operation, wherein the vehicle is driven by a 
combination of the engine and the electric motor. 

1 3. The vehicle of claim 1 1 , where the secondary 
motor/generator is configured to synchronize system inertia during a transition 
from series mode to parallel mode. 

14. The work vehicle of claim 1 1 , wherein the work vehicle 
includes a wheel end drive assembly associated with each wheel of the vehicle. 

15. The work vehicle of claim 1 1 , wherein the work vehicle 
includes a drive shaft clutch disposed along the drive shaft, wherein the drive 
shaft clutch is configured to actuate between an engaged state to rotationally 
hold the drive shaft and disengaged state. 

1 6. The work vehicle of claim 1 5, wherein the work vehicle 
includes a hybrid drive control unit configured to: 

generate a hybrid drive control signal based upon torque and 
speed requirements of the vehicle. 

17. The work vehicle of claim 16, including a drive shaft clutch 
control unit configured to engage or disengage the drive shaft clutch based upon 
the hybrid drive control signal. 

1 8. The work vehicle of claim 1 1 , wherein the hybrid drive 
control unit is configured to generate a signal during a turning operation to 
increase power supplied to the wheel end located on the outside of a turning 
radius. 
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1 9. The work vehicle of claim 1 1 , wherein the work vehicle 
includes a power storage system. 



20. The work vehicle of claim 1 9, wherein the work vehicle 
includes a regenerative breaking system electrically coupled to the power 
storage system and disposed at the wheel. 

21 . A work vehicle comprising: 
an engine; 

a generator coupled to the engine so as to be driven by the engine; 
a drive shaft coupled to the engine so as to be driven by the 

engine; 

a drive axle coupled to the drive shaft so as to be driven by the 

drive shaft; 

first and second wheel ends coupled to the drive axle so as to be 
able to be driven by the drive axle; 

first and second wheels coupled to the associated first and second 

wheel ends; 

a wheel end drive assembly coupled to at least one wheel end so 
as to be able to drive the at least one wheel end, the wheel end drive assembly 
including: 

an electric motor powered by the generator; 
a planetary gearset, the planetary gearset having a first input 
coupled to the drive axle, a second input coupled to the electric motor, 
and an output shaft; and 

an ancillary equipment coupled to the drive shaft so as to be 
powered by the drive shaft. 

22. The vehicle of claim 21 , wherein the work vehicle includes: 

a hydraulic pump coupled to the drive shaft so as to be powered by 
the drive shaft; and 
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a lift coupled to the hydraulic pump so as to be driven by the 
hydraulic pump. 



23. The work vehicle of claim 21 , wherein the ancillary 
equipment includes a high volume water pump coupled to the drive shaft so as 
to be powered by the drive shaft. 

24. The work vehicle of claim 21 wherein the ancillary 
equipment includes a cement mixer drum coupled to the drive shaft so as to be 
powered by the drive shaft. 

25. The work vehicle of claim 21 , the work vehicle includes a 
wheel end drive assembly associated with each wheel of the vehicle. 

26. The work vehicle of claim 21 , wherein the work vehicle 
includes a drive shaft clutch disposed along the drive shaft, wherein the drive 
shaft clutch is configured to actuate between an engaged state to rotationally 
hold the drive shaft and disengaged state. 

27. The work vehicle of claim 26, wherein the work vehicle 
includes a hybrid drive control unit configured to: 

generate a hybrid drive control signal based upon torque and 
speed requirements of the vehicle. 

28. The work vehicle of claim 27, including a drive shaft clutch 
control unit configured to engage or disengage the drive shaft clutch based upon 
the hybrid drive control signal. 

29. The work vehicle of claim 26, wherein the hybrid drive 
control unit is configured to generate a hybrid drive control signal to engage the 
shaft clutch to transfer full engine horsepower to ancillary equipment and 

-25- 



WO 03/093046 PCT/US03/13177 

increase power to the electric motors to move the vehicle at a slow rate of 
speed. 



30. The work vehicle of claim 21 , wherein the hybrid drive 
control unit is configured to generate a signal during a turning operation to 
increase power supplied to the wheel end located on the outside of a turning 
radius. 

31 . The work vehicle of claim 21 , wherein the work vehicle 
includes a power storage system. 

32. The work vehicle of claim 31 , wherein the work vehicle 
includes a regenerative breaking system electrically coupled to the power 
storage system and disposed at the wheel. 

33. A work vehicle comprising: 
an engine; 

a generator coupled to the engine so as to be driven by the engine; 
a secondary motor/generator coupled to the engine so as to be 
driven by the engine; 

a drive shaft coupled to the engine so as to be driven by the 

engine; 

a drive axle coupled to the drive shaft so as to be driven by the 

drive shaft; 

first and second wheel ends coupled to the drive axle so as to be 
able to be driven by the drive axle; 

first and second wheels coupled to the associated first and second 

wheel ends; 

a wheel end drive assembly coupled to at least one wheel end so 
as to be able to drive the associated wheel, the wheel end drive assembly 
including: 
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an electric motor powered by the generator; and 
a planetary gearset, the planetary gearset having a first input 
coupled to the drive axle, a second input coupled to the electric motor, 
and an output shaft coupled to the wheel end; 

wherein the electric motor and planetary gearset are disposed 
within the wheel end. 



34. The work vehicle of claim 33, wherein the work vehicle 
includes a drive shaft clutch disposed along the drive shaft, wherein the drive 
shaft clutch is configured to actuate between an engaged state to rotationally 
hold the drive shaft and disengaged state. 

35. The work vehicle of claim 34, wherein the work vehicle 
includes a hybrid drive control unit configured to: 

generate a hybrid drive control signal based upon torque and 
speed requirements of the vehicle. 



36. The work vehicle of claim 35, including a drive shaft clutch 
control unit configured to engage or disengage the drive shaft clutch based upon 
the hybrid drive control signal. 



37. The work vehicle of claim 33, wherein the hybrid drive 
control unit is configured to generate a signal during a turning operation to 
increase power supplied to the wheel end located on the outside of a turning 
radius. 

38. The work vehicle of claim 33, wherein hybrid drive control 
unit can be configured to control the torque output to each wheel individually. 

39. The work vehicle of claim 33, wherein the work vehicle 
includes a power storage system. 
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40. The work vehicle of claim 39, wherein the work vehicle 
includes a regenerative breaking system electrically coupled to the power 
storage system and disposed at the wheel. 

41 . A work vehicle comprising: 
an engine; 

a secondary motor/generator coupled to the engine so as to be 
driven by the engine; 

a generator coupled to the engine so as to be driven by the engine; 
a drive shaft coupled to the engine so as to be driven by the 

engine; 

a drive axle coupled to the drive shaft so as to be driven by the 

drive shaft; 

first and second wheel ends coupled to the drive axle so as to be 
able to be driven by the drive axle; 

first and second wheels coupled to the associated first and second 

wheel ends; 

a wheel end drive assembly coupled to at least one wheel end so 
as to be able to drive the associated wheel, the wheel end drive assembly 
including: 

an electric motor disposed external to the wheel end 
powered by the generator; and 

a planetary gearset disposed within the wheel end, the 
planetary gearset having a first input coupled to the drive axle, a second 
input coupled to the electric motor, and an output shaft coupled to the 
wheel end. 

42. The work vehicle of claim 41 , wherein the work vehicle 
includes a drive shaft clutch disposed along the drive shaft, wherein the drive 
shaft clutch is configured to actuate between an engaged state to rotationally 
hold the drive shaft and disengaged state. 
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43. The work vehicle of claim 42, wherein the work vehicle 
includes a hybrid drive control unit configured to: 

generate a hybrid drive control signal based upon torque and 
speed requirements of the vehicle. 

44. The work vehicle of claim 43, including a drive shaft clutch 
control unit configured to engage or disengage the drive shaft clutch based upon 
the hybrid drive control signal. 

45. The work vehicle of claim 41 , wherein the hybrid drive 
control unit is configured to generate a signal during a turning operation to 
increase power supplied to the wheel end located on the outside of a turning 
radius. 

46. The work vehicle of claim 41 , wherein the work vehicle 
includes a power storage system. 

47. The work vehicle of claim 46, wherein the work vehicle 
includes a regenerative breaking system electrically coupled to the power 
storage system and disposed at the wheel. 

48. A work vehicle comprising: 
an engine; 

a secondary motor/generator coupled to the engine so as to be 
driven by the engine; 

a generator coupled to the engine so as to be driven by the engine; 
a drive shaft coupled to the engine so as to be driven by the 

engine; 

a drive axle coupled to the drive shaft so as to be driven by the 

drive shaft; 
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first and second wheel ends coupled to the drive axle so as to be 
able to be driven by the drive axle; 

first and second wheels coupled to the associated first and second 

wheel ends; 

a wheel end drive assembly coupled to at least one wheel end so 
as to be able to drive the associated wheel, the wheel end drive assembly 
including: 

an electric motor disposed external to the wheel end 
powered by the generator; and 

a planetary gearset disposed external to the wheel end, the 
planetary gearset having a first input coupled to the drive shaft, a second 
input coupled to the electric motor, and an output shaft coupled to the 
wheel end. 

49. The work vehicle of claim 48, wherein the work vehicle 
includes a drive shaft clutch disposed along the drive shaft, wherein the drive 
shaft clutch is configured to actuate between an engaged state to rotationally 
hold the drive shaft and disengaged state. 

50. The work vehicle of claim 49, wherein the work vehicle 
includes a hybrid drive control unit configured to: 

generate a hybrid drive control signal based upon torque and 
speed requirements of the vehicle. 

51 . The work vehicle of claim 50, including a drive shaft clutch 
control unit configured to engage or disengage the drive shaft clutch based upon 
the hybrid drive control signal. 

52. The work vehicle of claim 48, wherein the hybrid drive 
control unit is configured to generate a signal during a turning operation to 
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increase power supplied to the wheel end located on the outside of a turning 
radius. 

53. The work vehicle of claim 48, wherein the work vehicle 
includes a power storage system. 

54. The work vehicle of claim 53, wherein the work vehicle 
includes a regenerative breaking system electrically coupled to the power 
storage system and disposed at the wheel. 

55. A work vehicle comprising: 
an engine; 

a secondary motor/generator coupled to the engine so as to be 
driven by the engine; 

a generator coupled to the engine so as to be driven by the engine; 
a drive shaft coupled to the engine so as to be driven by the 

engine; 

a drive axle coupled to the drive shaft so as to be driven by the 

drive shaft; 

first and second wheel ends coupled to the drive axle so as to be 
able to be driven by the drive axle; 

first and second wheels coupled to the associated first and second 

wheel ends; 

a wheel end drive assembly coupled to at least one wheel end so 
as to be able to drive the associated wheel, the wheel end drive assembly 
including: 

an electric motor disposed external to the wheel end 
powered by the generator; and 

a planetary gearset disposed external to the wheel end, the 
planetary gearset having a first input coupled to the drive shaft, a second 
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input coupled to the electric motor, and an output shaft coupled to the 
drive axle. 



56. The work vehicle of claim 55, wherein the work vehicle 
includes a drive shaft clutch disposed along the drive shaft, wherein the drive 
shaft clutch is configured to actuate between an engaged state to rotationally 
hold the drive shaft and disengaged state. 



57. The work vehicle of claim 56, wherein the work vehicle 
includes a hybrid drive control unit configured to: 

generate a hybrid drive control signal based upon torque and 
speed requirements of the vehicle. 

58. The work vehicle of claim 57, including a drive shaft clutch 
control unit configured to engage or disengage the drive shaft clutch based upon 
the hybrid drive control signal. 

59. The work vehicle of claim 55, wherein the work vehicle 
includes a power storage system. 

60. The work vehicle of claim 59, wherein the work vehicle 
includes a regenerative breaking system electrically coupled to the power 
storage system and disposed at the wheel. 

61 . A vehicle comprising: 
a prime mover; 

a generator mechanically coupled to the prime mover; 

a first multi-input drive unit having at least first and second 
rotational inputs and at least one rotational output, wherein the first rotational 
input is coupled to the prime mover; 
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a first electric motor mechanically coupled to the second rotational 
input and electrically coupled to the generator; and 

a first pair of vehicle drive wheels coupled to the rotational output. 

62. The vehicle of claim 61 , further comprising: 

a second multi-input drive unit having at least first and second 
rotational inputs and at least one rotational output, wherein the first rotational 
input of the second multi-input drive unit is coupled to the prime mover; 

a second electric motor mechanically coupled to the second 
rotational input of the second multi-input drive unit and electrically coupled to 
the generator; and 

a second pair of vehicle drive wheels coupled to the rotational 
output of the second multi-input drive unit. 

63. The vehicle of claim 62, further comprising at two axles, 
each having a differential to couple respective pairs of the drive wheels to the 
rotational outputs of the respective multi-input drive units. 

64. The vehicle of claim 63, further comprising four wheel end 
reductions each for coupling a respective drive wheel to its respective 
differential. 

65. The vehicle of claim 62, further comprising: 

a third multi-input drive unit having at least first and second 
rotational inputs and at least one rotational output, wherein the first rotational 
input of the third multi-input drive unit is coupled to the prime mover; 

a third electric motor mechanically coupled to the second rotational 
input of the third multi-input drive unit and electrically coupled to the generator; 
and 

a third pair of vehicle drive wheels coupled to the rotational output 
of the second multi-input drive unit. 
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66. The vehicle of claim 65, further comprising at least three 
axles, each having a differential to couple respective pairs of the drive wheels to 
the rotational outputs of the respective multi-input drive units. 

67. The vehicle of claim 66, further comprising four wheel end 
reductions each for coupling a respective drive wheel to its respective 
differential. 



68. The vehicle of claim 66, further comprising a pump coupled 
to the prime mover. 

69. The vehicle of claim 68, wherein the pump is one of a 
hydraulic fluid or water pump. 

70. The vehicle of claim 69, further comprising a pallet loading 
system coupled to the pump. 

71 . The vehicle of claim 68, further comprising a water spraying 
device coupled to the pump. 

72. The vehicle of claim 63, further comprising an earth working 
implement moveable by the vehicle. 



73. The vehicle of claim 63, further comprising a snow removal 
device powered by the prime mover. 

74. The vehicle of claim 63, further comprising a trash or 
garbage handling device. 



75. The vehicle of claim 63 or 66, wherein the axles are 
configured to independently suspend each of the associated drive wheels. 
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76. The vehicle of claim 63 or 66, further comprising a multi- 
speed gearbox mechanically coupled between the prime mover and the first 
multi-input drive unit. 

77. The vehicle of claim 63 or 66, wherein at least one of the 
electric motors is configured to also function as a generator. 

78. The vehicle of claim 63 or 66, further comprising at least one 
breaking device coupled to each drive wheel. 

79. A vehicle comprising: 
a prime mover; 

a generator mechanically coupled to the prime mover; 

a first multi-input drive unit having at least first and second 
rotational inputs and at least one rotational output, wherein the first rotational 
input is coupled to the prime mover; 

a first electric motor mechanically coupled to the second rotational 
input and electrically coupled to the generator; 

a second multi-input drive unit having at least first and second 
rotational inputs and at least one rotational output, wherein the first rotational 
input of the second multi-input drive unit is coupled to the rotational output of 
the first multi-input drive unit; 

a second electric motor mechanically coupled to the second 
rotational input of the second multi-input drive unit and electrically coupled to 
the generator; 

a first vehicle drive wheel coupled to the rotational output of the 
second multi-input drive unit; 

a third multi-input drive unit having at least first and second 
rotational inputs and at least one rotational output, wherein the first rotational 
input of the third multi-input drive unit is coupled to the rotational output of the 
first multi-input drive unit; 
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a third electric motor mechanically coupled to the second rotational 
input of the third multi-input drive unit and electrically coupled to the generator; 
and 

a second vehicle drive wheel coupled to the rotational output of the 
third multi-input drive unit. 

80. The vehicle of claim 79, further comprising an axle having an 
angle drive and axle for coupling the rotational output of the first multi-input 
drive unit to the respective first rotational inputs of the second and third multi- 
input drive units. 

81 . The vehicle of claim 80. wherein the second and third 
electric motors are rotationally supported with their respective drive wheels. 

82. The vehicle of claim 79, further comprising: 

a fourth multi-input drive unit having at least first and second 
rotational inputs and at least one rotational output, wherein the first rotational 
input of the fourth multi-input drive unit is coupled to the rotational output of 
the first multi-input drive unit; 

a fourth electric motor mechanically coupled to the second 
rotational input of the fourth multi-input drive unit and electrically coupled to the 
generator; 

a third vehicle drive wheel coupled to the rotational output of the 
fourth multi-input drive unit; 

a fifth multi-input drive unit having at least first and second 
rotational inputs and at least one rotational output, wherein the first rotational 
input of the fifth multi-input drive unit is coupled to the rotational output of the 
first multi-input drive unit; 

a fifth electric motor mechanically coupled to the second rotational 
input of the fifth multi-input drive unit and electrically coupled to the generator; 
and 
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a fourth vehicle drive wheel coupled to the rotational output of the 
fourth multi-input drive unit. 



83. The vehicle of claim 82, further comprising a pump coupled 
to the prime mover. 

84. The vehicle of claim 83, wherein the pump is one of a 
hydraulic fluid or water pump. 

85. The vehicle of claim 83, further comprising a pallet loading 
system coupled to the pump. 

86. The vehicle of claim 83, further comprising a water spraying 
device coupled to the pump. 

87. The vehicle of claim 82, further comprising an earth working 
implement moveable by the vehicle. 

88. The vehicle of claim 87, further comprising a position 
sensing system operable as an input to a vehicle function. 

89. The vehicle of claim 82, further comprising a snow removal 
device powered by the prime mover. 

90. The vehicle of claim 82, further comprising a trash or 
garbage handling device. 

91 . The vehicle of claim 82, wherein the axles are configured to 
independently suspend each of the associated drive wheels. 
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92. The vehicle of claim 82, wherein at least one of the electric 
motors is configured to also function as a generator. 

93. The vehicle of claim 82, further comprising at least one 
breaking device coupled to each drive wheel. 
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